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(54) Laser skin treatment apparatus 

(57) A laser treatment apparatus which is used to 
treat an affected part of a patient by irradiating a treat- 
ment laser beam to the affected part Is disclosed. The 
apparatus Includes a laser Irradiation unit (1 f 20) pro- 
vided with a laser irradiation optical system (4, 10, 21, 
22, 23, 24, 25) for delivering the laser beam to the 
affected part, a contact member (40) including a contact 
face (42) which is brought Into contact with at least one 
of the affected part and a periphery of the affected part, 
a cooling unit (35) for cooling at least the contact face 
(42) of the contact member (40), a detector (1 5, 31 , 51 , 



FIG.1 



51 ', 60, 70, 80) tor detecting at least one of a tempera- 
ture of a periphery of contact face (42) made contact 
with the affected part, a temperature of the contact 
member (40) or the cooling means (35), a contact state 
of the contact face (42) with respect to the affected part, 
and a relative substantially horizontal movement of the 
contact member (40) with respect to the affected part, 
and an irradiation controller (15) for controlling laser 
irradiation based on a result of detection by the detector. 
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Description 

[0001 1 The present invention relates to a laser treat- 
ment apparatus which Is used for treatment such as 
depilation, removal of wrinkles and birthmarks with a 
laser beam being Irradiated to an affected part (a treat- 
ment part) of a patient 

[0002] When a laser treatment apparatus is used 
for performing treatment such as depilation to a patient 
by irradiating a laser beam to an affected part of the skin 
of the patient the affected part is cooled before the 
laser irradiation in order to alleviate pain which would be 
caused by the laser irradiation. As such a method to 
cool the affected part, conventionally, there have been 
known a method of spraying nitrogen gas on the 
affected part and a method of decreasing the tempera- 
ture of the affected part by making a cooling device con- 
tact with the affected part 

[0003] For execution of the laser irradiation, the 
positional relationship between the affected part and a 
laser irradiation unit such as a handpiece provided in 
the laser treatment apparatus must be stabilized. 
Therefore there has been known an apparatus arranged 
to have a support member (support base) which is 
brought into contact with the skin for stably supporting 
the irradiation unit Furthermore, there is also an appa- 
ratus arranged to have a member serving both as the 
cooling device and the support member. 
[0004] However, the above conventional apparatus 
may have possibilities that the laser irradiation is exe- 
cuted when an operator does not intend to do, for exam- 
ple, when the affected part Is not sufficiently cooled or 
when the positional relationship between the affected 
part and the irradiation unit is not stabilized, etc. In such 
the cases, the unintentional laser irradiation may cause 
damage to the affected part and the parts outside 
thereof. The conventional apparatus is arranged to cool 
uniformly the affected part In spite of the condition 
thereof. "Thus, the cooling could not be efficiently earned 
out 

[0005] The present invention has been made In 
view of the above circumstances and has an object to 
overcome the above problems and to provide a laser 
treatment apparatus capable of preventing laser irradia- 
tion under Inappropriate conditions to an affected part of 
a patient, and capable of efficiently cooling the affected 
part 

[0006] Additional objects and advantages of the 
Invention will be set forth In part In the description which 
follows and in part will be obvious from the description, 
or may be learned by practice of the invention. The 
objects and advantages of the invention may be realized 
and attained by means of the instrumentalities and com- 
binations particularly pointed out in the appended 
claims. 

[0007] To achieve the purpose of the invention, 
there is provided a laser treatment apparatus which is 
used to treat an affected part of a patient by irradiating 



a treatment laser beam to the affected part, the appara- 
tus including: a laser irradiation unit provided with a 
laser irradiation optical system for delivering the laser 
beam to the affected part; a contact member Including a 

5 contact face which is brought into contact with at least 
one of the affected part and a periphery thereof; cooling 
means for cooling at least the contact face of the contact 
member; detection means for detecting at least one of a 
temperature of a periphery of the contact face made 

w contact with the affected part, a temperature of the con- 
tact member, a temperature of the cooling means, a 
contact state of the contact face with respect to the 
affected part, and a relative substantially horizontal 
movement of the contact member with, respect to the 

is affected part; and irradiation control means for control- 
ling laser irradiation based on a result of detection by 
the detection means. 

[0008] In the above apparatus according to the 
present invention, the irradiation control means controls 

20 the laser irradiation based on the detection results by 
the detection means in order to irradiate the laser beam 
to the affected part only if appropriate conditions for the 
laser irradiation are satisfied. Accordingly, the laser 
beam can be prevented from irradiating the affected 

25 part under inappropriate conditions for the laser irradia- 
tion, thus preventing damage by the laser beam to the 
affected part of the patient and the parts outside the 
affected part 

[0009] Preferably, In the above laser treatment 

ao apparatus, the detection means includes first tempera- 
ture detection means for detecting the temperature of 
the periphery of the contact face made contact with the 
affected part, and the apparatus further Includes tem- 
perature control means for controlling cooling opera- 

35 tions of the cooling means based on a result of 
detection by the first temperature detection means. 
[001 0] It is preferable that the detection means fur- 
ther includes contact detection means for detecting the 
contact state of the contact face with respect to the 

40 affected part and second temperature detection means 
for detecting the temperature of the contact member or 
the cooling means; and the temperature control means 
controls cooling operations of the cooling means based 
on a result of detection by the second temperature 

45 detection means when the contact detection means 
detects that the contact face of the contact member is 
apart from both of the affected part and the periphery 
thereof. 

[0011] Preferably, the contact detection means 
so detects the contact state of the contact face with respect 
to the affected part based on the result of detection by 
the first temperature detection means. 
[0012] Preferably; the detection means includes a 
contact detection means for detecting the contact state 
55 of the contact face with respect to the affected part, and 
when the contact detection means detects that the con- 
tact face is in contact with at least one of the affected 
part and the periphery thereof, the irradiation control 
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means enables laser irradiation after a lapse of a prede- 
termined time. 

[0013] It is preferable that the detection means fur- 
ther Includes temperature detection means for detecting 
the temperature of the periphery of the contact face s 
made contact with the affected pan; and the contact 
detection means detects the contact state of the contact 
face with respect to the affected part based on a result 
of detection by the temperature detection means. 
[0014] Preferably, the detection means includes 10 
movement detection means for detecting a relative mov- 
ing amount of the contact member in a substantially hor- 
izontal direction with respect to the affected part, and 
the irradiation control means precludes laser irradiation 
when the movement detection means detects that the is 
moving amount of the contact member exceeds a pre- 
determined reference. 

[0015] According to another aspect of the present 
invention, there is provided a laser treatment apparatus 
which is used to treat an affected part of a patient by 20 
irradiating a treatment laser beam to the affected part, 
the apparatus including; a laser irradiation unit provided 
with a laser irradiation optical system for delivering the 
laser beam to the affected part; a contact member 
including a contact face which is brought into contact 25 
with at least one of the affected part and a periphery 
thereof; cooling means for cooling at least the contact 
face of the contact member; first temperature detection 
means for detecting a temperature of a periphery of the 
contact face made contact with the affected part; and x> 
temperature control means for controlling cooling oper- 
ations of the cooling means based on a result of detec- 
tion by the first temperature detection means. 
[001 6] It is preferably that the above laser treatment 
apparatus further includes contact detection means for as 
detecting the contact state of the contact face of the 
contact member with respect to the affected part sec- 
ond temperature detection means for detecting a tem- 
perature of the contact member or the cooling means; 
and when the contact detection means detects that the 40 
contact face is apart from both of the affected part and 
the periphery thereof, the temperature control means 
controls cooling operations of the cooling means based 
on a result of detection by the second temperature 
detection means. 45 
[0017] Preferably, the contact detection means 
detects the contact state of the contact face of the con- 
tact member based on the result of detection by the first 
temperature detection means. 

[001 8] Preferably, the laser treatment apparatus fur- so 
ther Includes a support member for supporting the laser 
irradiation unit on the affected part, the support member 
including the contact member. 
[001 9] Preferably, the laser treatment apparatus fur- 
ther includes a laser transmission member made of 55 
material that is good in thermal conductivity and trans- 
mittable to the laser beam, wherein the contact face 
includes at least a face of the laser transmission mem- 



ber. 

[0020] The accompanying drawings, which are 
incorporated in and constitute a part of this specification 
illustrate an embodiment of the invention and, together 
with the description, serve to explain the objects, advan- 
tages and principles of the invention. 
[0021] In the drawings, 

Fig. 1 is a perspective view of a laser treatment 
apparatus in a first embodiment according to the 
present invention; 

Rg. 2 is a sectional view of a cooling unit and a part 
of a scanner head of the apparatus in the embodi- 
ment; 

Rg. 3 is a block diagram of main elements of a con- 
trol system of the apparatus in the embodiment; 
Rg. 4A is a bottom view of a window unit of the 
apparatus; 

Rg. 4B is a bottom view of a window unit in another 
example; 

Rg. 5 is a sectional view of showing a structure of 
indirectly detecting temperatures of an affected part 
in a second embodiment of the apparatus; 
Rg. 6 is sectional view of showing a structure of 
detecting relative movements of a handpiece to the 
an affected part in a sixth embodiment of the appa- 
ratus; 

Rg. 7A is a schematic view of an internal structure 
of a contact section, seen from bottom, in the sixth 
embodiment; 

Rg. 7B is a front view of a rotating plate of the con- 
tact section in the sixth embodiment; 
Rg. 8 is a schematic view of a structure of detecting 
temperatures of an affected part by use of a tem- 
perature sensor of a non-contact type in a third 
embodiment of the apparatus; and 
Rg.91s flowchart o showing laser irradiation con- 
trol in a rourth embodiment of the apparatus. 

[0022] A detailed description of a preferred embod- 
iment of a laser treatment apparatus embodying the 
present invention will now be given referring to the 
accompanying drawings. 

[0023] Rg. 1 is a perspective view of a laser treat- 
ment apparatus in a first embodiment according to the 
present invention. 

[0024] A main unit 1 of the laser treatment appara- 
tus is provided with a large-size liquid crystal display 
(LCD) 2 at the front face. The LCD 2 is a touch panel 
whereby an operator can input various settings by 
depressing operation keys (items) displayed on a 
screen. A communication cable 3 and a fiber cable 4 are 
provided extending from the top of the main unit 1 to a 
handpiece 20 to connect therebetween. 
[0025] Inside of the main unit 1 , there are provided 
a laser source 10, a laser source 11, and others (see 
Rg. 3). The laser source 10 emits a near-infrared laser 
beam of a wavelength of 800-820nm. This laser beam is 
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used for depllation as a treatment laser beam. The laser 
source 1 1 emits a red visible laser beam of a wave- 
length of 620-650nm, which is used for aiming. The 
laser beams emitted from the laser sources 1 0 and 1 1 
are delivered to the handpiece 20 through the fiber 
cable 4. 

[0026] The handpiece 20 is constructed of a scan- 
ner head 20a containing an optical system and others 
for allowing the laser beam delivered thereto through 
the fiber cable 4 to scan, and a cooling unit 35 for cool- 
ing the skin of a patient by contacting with the skin. 
[0027] Numeral 5 Is a chRIer for supplying coolant to 
the handpiece 20 (the cooling unit 35). Two tubes 7 con- 
nected with the chiller 5 are made into a bundle together 
with the communication cable 3 and the fiber cable 4, 
forming a single convergence cable 6 connected to the 
handpiece 20. Numeral 9 is a footswitch for generating 
a trigger signal to Instruct start of laser irradiation. 
Numeral 6a is an indication lamp for informing the oper- 
ator of that the laser beam is enabled to be irradiated. 
Numeral 6b is an indication buzzer for informing the 
operator of the same (see Frg. 3). 
[0028] Fig. 2 is a sectional view of the cooling unit 
35 and a part of the scanner head 20a of the handpiece 
20. This scanner head 20a includes a first mirror 23 and 
a second mirror 24. Those first and second mirrors 23 
and 24 are rotated (swung) by a first galvanometer 23a 
and a second galvanometer 24a respectively to deflect 
a laser beam to move an irradiating point in an X- and Y- 
directions. The laser beam is thus allowed to scan a 
wide area 

[0029] The laser beam delivered from the main unit 
1 through the fiber cable 4 enters the scanner head 20a, 
wherein the beam is deflected by a mirror 21 and made 
into parallel luminous flux by a collimator lens 22. Then, 
the luminous lux is deflected by the first and second 
min ^m 23 and 24 to move the irradiating point in the X- 
and V- directions, passing through a condenser lens 25, 
thereby forming a circular spot beam, which is of a 
diameter of about 5mm in the present embodiment The 
laser beam is irradiated as the spot beam onto the 
affected part (treatment part). 
[0030] It is to be noted that the position and the 
focal distance of the condenser lens 25 are determined 
such that the laser beam projected from the scanner 
head 20a is focused on or near an underside of a first 
window 42 (i.e., a contact side with the affected part). 
Therefore, when the cooling unit 35 (the first window 42) 
is made contact with the affected part, the scanner head 
20a can stably be held at a substantially constant dis- 
tance from the affected part The cooling unit 35 also 
serves as a support member for supporting the scanner 
head 20a 

[0031 ] The cooling unit 35 is constructed of a scan- 
ner support base 26 and a window unit 40. The support 
base 26 is made of poryacetal resin which has an excel- 
lent heat-insulating property. This support base 26 is 
fixed under the scanner head 20a A window fixing plate 



27 made of aluminum which is good in thermal conduc- 
tivity is disposed inside the base 26 and is fastened to 
the base 26 by screws tightened from the side of the 
base 26 (I.e., perpendicularly to the drawing paper of 
5 Fig. 2). Numeral 28 is a Peltier element which is an elec- 
tronic heat exchanger. This Peltier element 28 is dis- 
posed between the fixing plate 27 and a cooling plate 29 
made of aluminum and disposed in the base 26. A cur- 
rent is applied to the Peltier element 28 to pass there- 
to through so that the side contacting with the fixing plate 
27 functions as a heat-absorbing side (a cooling side), 
while the opposite side contacting with the cooling plate 
29 functions as a heat-radiating side. The cooling plate 
29 is provided therein with a flow passage through 
75 which the coolant circulates. The coolant cooled in the 
chiller 5 is delivered to the cooling unit 35 through the 
tubes 7 and fed to the cooling plate 29 through a water 
pipe 30 provided in the cooling unit 35, circulating 
through the inside of the cooling plate 29. The cooling 
20 plate 29 can thus absorb the heat radiated from the Pel- 
tier element 28. 

[0032] Numeral 31 is a second temperature sensor 
attached to the lower end of the fixing plate 27. This 
second temp, sensor 31 detects the temperature of the 

25 fixing plate 27. The controller 15 controls the tempera- 
ture of the Peltier element 28 based on the result of 
detection by the second temp, sensor 31. The detail 
thereof will be described later. 
[0033] The window unit 40 is constructed of a win- 

30 dow frame 41, the first window 42, a heat-insulating 
board 43, a second window 44, a cover 45. The details 
of those members are as follows. 
[0034] The first window 42 is made of transparent 
sapphire glass which is good in thermal conductivity. 

35 This first window 42 is brought into contact with the skin 
of the patient for the laser treatment The window frame 
41 has a substantially L-shaped section as shown In 
Fig. 2, including a vertical part 41 a and a horizontal part 
41b, and holds the first window 42 in the horizontal part 

40 41 b. The heat-insulating board 43 is made of polyacetal 
resin which has a good heat-insulating property. This 
board 43 is given the shape of a rectangular frame. The 
second window 44 is made of transparent glass which is 
inferior to the first window 42 in thermal conductivity, for 

45 example, BK7 (the classification symbol of SHOT Co.) 
generally used as optical glass. The cover 45 is made of 
aluminum and has an opening. The window unit 40 hav- 
ing the above arrangement can transmits the laser 
beam discharged from the scanner head 20a toward the 

so affected part 

[0035] The window frame 41 is made of aluminum 
which is good in thermal conductivity. The vertical part 
41a of the frame 41 is formed with two U-shaped slots 
(not shown) in the upper portion. Thus, the frame 41 is 

55 detachably secured to the fixing plate 27 by two screws 
32 passing through the two slots and are threaded into 
the fixing plate 27. Such the arrangement enables 
attachment of a suitable window unit according to pur- 
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poses. Detaching the window frame 41 can be easily 
done by only loosing the screws 32 a little, without fully 
removing the screws 32, thereby allowing the frame 41 
to move downward. On the other hand, attaching the 
window frame 41 is made by sOding the vertical part 41 a 5 
of the frame 41 along the fixing plate 27 until the two U- 
shaped slots of the vertical part 41a arc engaged with 
the two screws 32, and then tightening the screws 32. 
As cooled by the Peltier element 28, the fixing plate 27 
cools the window frame 41 contacting therewith, thus 10 
cooling the first window 42. 

[0036] The window frame 41 is formed with an 
opening in the horizontal part 41b formed horizontally 
extending and shaped as a rectangular frame. In the 
underside of the horizontal part 41 b, the first window 42 is 
Is fitted with adhesive of good thermal conductivity. This 
first window 42 in the present embodiment is a square 
of about 40mm per side. On the upside of the horizontal 
part 41b, the heat-insulating board 43 is disposed and, 
furthermore, the second window 44 Is fixed on the board so 
43 with adhesive of a good heat-insulating property to 
be shielded from the cooling. The cover 45 is adhered to 
the second window 44 to cover all the above members. 
With such the arrangement, there is provided a sealed 
space 48 (indicated by a dotted line in Fig. 2) which 25 

Serves as a hsat-inQHlatln,) loy^ hpfWPfiq th*> firct crnfl 

second windows 42 and 44 to enhance the heat-insula- 
tion effect between the windows configured as a double- 
window construction. Accordingly, even if the first win- 
dow 42 is allowed to cool, the second window 44 wfll not 30 
easily cooL This can prevent the generation of conden- 
sation on the upper surface of the second window 44. 
[0037] Numeral 50 is a heat-insulating board 50 
made of poryacetal resin which has a good heat-insulat- 
ing property. This board 50 is disposed, as shown in Fig. as 
2, between the window frame 41 and a first temperature 
sensor 51 and between the first window 42 and the first 
temp, sensor 51 to prevent the first temp, sensor 51 
from making contact with both of the window frame 41 
and the first window 42. ^ 
[0038] The first temp, sensor 51 is constructed of a 
sheet-type thermistor. This sensor 51 is attached to the 
window frame 41 along the frame shape of the bottom 
surface of the horizontal frame part 41 b (see Rg. 4A) so 
that the surface of the first temp, sensor 51 , opposite to 45 
the surface contacting with the heat insulating plate 50, 
becomes substantially flush with the bottom surface of 
the first window 42. Thus, when the bottom surface of 
the first window 42 Is brought Into contact with the skin 
of the patient, the surface of the first temp, sensor 51 so 
makes contact with the skin at the same time, enabling 
detection of the temperature of the skin (the periphery 
of the affected part). 

[0039] It is to be noted that although the first temp, 
sensor 51 is a sheet-type thermistor in the present 55 
embodiment, it is not limited thereto and may be modi- 
fied to different arrangements if only the surface thereof 
can make contact with the skin to detect the tempera- 



ture thereof at the same time when the bottom surface 
of the first window 42 is brought into contact with the 
skia One example of such the arrangements is shown 
in Rg. 4B. In Rg. 4B, a first temp, sensor 5V is con- 
structed to detect the temperature of a point on the skin. 
[0040] The first temp, sensor 51 is connected to the 
communication cable 3 through a connection cable not 
shown and a connector. At the time of detaching the 
window unit 40, the connection cable is disconnected 
from the connector. This also enables an exchange of 
window units without any trouble. 
P041] Similarly to the case of the second temp, 
sensor 31 mentioned above, the controller 15 controls 
the temperature of the Peltier element 28 based on the 
detection result by the first temp, sensor 51. The detail 
thereof wfll be described later. 
[0042] Numeral 46 is a heat-insulating board made 
of poryacetal resin and is fixedly attached to the vertical 
part 41 a of the window frame 41 for preventing the win- 
dow frame 41 from absorbing extraneous heat and also 
for heat-insulating the second window 44. 
IP043] Next, operation of the laser treatment appa- 
ratus constructed as above will be descrbed with refer- 
ence to Rg. 3 which is a block diagram of main 
elements of a control system of the apparatus in the 
present embodiment 

[0044] The first galvanometer 23a, the second gal- 
vanometer 24a, the second temp, sensor 31, the first 
temp, sensor 51 , the Pettier element 28, and others are 
connected to the controller 15 through the communica- 
tion cable 3. 

P045] An operator operates setting keys displayed 
on the LCD panel 2 to set irradiation conditions for prep- 
aration for laser irradiation. While the first window 42 is 
not in contact with, or is apart from the affected part of 
the patient, the controller 15 controls the temperature of 
the Peltier element 28 so that a predetermined value is 
constantly detected by the second temp, sensor 31. 
[0046] The contact/noncontact of the first window 
42 with the affected part can be judged based on the 
result of temperature detection by the first temp, sensor 
51 . For instance, the threshold value for detection of the 
contact of the first window 42 with the affected part is 
set at 30*0 When the first temp, sensor 51 detects the 
temperature more than 30°C, the controller 15 Judges 
that the first window 42 is in contact with the affected 
part. Alternatively, a contact sensor (a touch sensor) 
may be provided in the part or surface of the window 
unit 40 which is made contact with the skin. 
[0047] While the controller 1 5 controls the tempera- 
ture of the Peltier element 28 based on the result of tem- 
perature detection by the second temp, sensor 31, the 
controller 15 controls (interlocks) the laser source 10 to 
prevent the laser irradiation even if a trigger signal of 
instructing the laser irradiation is input from the foots- 
witeh 9. Alternatively, instead of direct driving of the 
laser source 1 0, a safety shutter may be controlled to be 
inserted into or removed from an optical path of the 
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laser beam. 

[0048] The operator, after preparation of the main 
unit 1 for laser irradiation, holds the handpiece 20 by 
hand to bring the first window 42 into contact with the 
affected part (skin). Then, the controller 1 5 receives the s 
result of detection by the first temp, sensor 51 and 
determines whether the detected temperature is equal 
to or more than the threshold value to detect the contact 
of the first window 42 with the affected part When the 
detected temperature Is the threshold value or more, the w 
controller 15 recognizes that the first window 42 is in 
contact with the affected part Upon recognition of the 
contact of the first window 42 with the affected part, the 
controller 15 stops control of the temperature of the Pel- 
tier element 28 based on the detection result by the sec- is 
ondtemp. sensor 31 and, alternatively, starts the control 
of the temperature of the Peltier element 28 based on 
the detection result by the first temp, sensor 51 . 
[0049] Contacting with the first window 42, the 
affected part Is gradually cooled due to heat-absorption 20 
by the first window 42. The temperature variation occur- 
ring in the affected part also causes the temperature of 
the periphery of the affected part to decrease. The first 
temp, sensor 51 detects the temperature variation In the 
affected part and the periphery thereof. 2s 
[0050] When the temperature of the affected part 
detected by the first temp, sensor 51 does not reach an 
appropriate value (for example, 5°C in the present 
embodiment, which is referred to as a predetermined 
temperature) for laser irradiation, the controller 15 con- 30 
trofs the temperature of the Peltier element 28 (the heat- 
absorbing side, or the cooling side) to further decrease 
regardless of the temperature detected by the second 
temp, sensor 31 . 

[0051] Decreasing the temperature of the heat- as 
absorbing side of the Peltier element 28 enhances the 
heat-absorbing effect of the first window 42. This makes 
it possible to shorten the time needed until the temper- 
ature of the affected part reaches (decreases to) the 
predetermined temperature. When the detected tern- 40 
perature by the first temp, sensor 51 reaches the prede- 
termined temperature, the controller 15 stops cooling 
the Peltier element 28. Simultaneously, the controller 15 
releases the interlock of the laser source 10 to enable 
the laser beam to be irradiated to the affected part 45 
Alternatively, the safety shutter may be removed from 
the optica) path for enabling laser Irradiation. The con- 
troller 15 causes the indication lamp 6a to light up and 
the Indication buzzer 6b to sound in order to inform the 
operator of that the temperature of the affected part has so 
reached the predetermined temperature and the laser 
irradiation is enabled. 

[0052] After the indication by the lamp 6a and the 
buzzer 6b, the operator may instruct the laser irradiation 
by depressing the fbotswiteh 9. Upon receipt of the trig- ss 
ger signal from the footswitch 9, the controller 15 con- 
trols the first and second galvanometers 23a and 24a 
respectively to allow the laser beam emitted from the 



laser source 10 to scan a selected scanning area In the 
treatment part while irradiating. Alternatively, the con- 
troller 15 may be arranged to automatically start the 
laser irradiation upon release of the interlock of the laser 
source 10. 

[0053] Upon completion of the laser irradiation, the 
first window 42 (the handpiece 20) is moved away from 
the affected part This causes sudden variation in tem- 
perature detected by the first temp, sensor 51 because 
the sensor 51 detects the room temperature. When the 
controller 15 obtains a predetermined or more tempera- 
ture variation (for example, a 5°C or more variation) in 
the detection result by the sensor 51 after completion of 
the laser irradiation, the controller 15 recognizes that 
the first window 42 has been moved away from the 
affected part, and contra Isthe temperature of the Peltier 
element 28 based on the detected temperature by the 
second temp, sensor 31 . 

[0054] In the above first embodiment, the temp, 
sensor (the first temp, sensor 51) is provided near the 
first window 42 to directly detect a variation in tempera- 
ture of the affected part With this detection manner, the 
laser irradiation is controlled so that it is precluded until 
the detected temperature reaches the predetermined 
value. However the laser irradiation may also be control- 
fed by the arrangements other than that described 
above. Some examples thereof will be described below. 
[0055] In a second embodiment, the laser irradia- 
tion is controlled by indirect detection of the temperature 
of the affected pad, instead of the direct detection of the 
same in the first embodiment This indirect detection is 
executed by detecting a variation in temperature of the 
first window 42. 

[0056] In the present embodiment, a temperature 
sensor 60 for detecting the Internal temperature of the 
first window 42 is provided in the first window 42 at a 
position where the sensor 60 does not prevent the scan- 
ning of the laser beam (see Fig. 5). When the first win- 
dow 42 held at a predetermined temperature is made 
contact with the skin, the temperature of the window 42 
rises once. The window 42 is then cooled by the Pettier 
element 28 into the predetermined temperature again. 
The controller 15 enables the laser irradiation when the 
temperature of the window 42 returns to the predeter- 
mined value (or reaches a permissible range of the pre- 
determined temperature). In this case, the temp, sensor 
60 is preferably disposed inside the first window 42 
closer to the bottom surface (as closer as possible to the 
affected part), thus enabling speedup in detection of 
temperature variation. 

[0057] In a third embodiment, a noncontact type 
temperature sensor is used to detect the temperature of 
the affected part through the first window 42 and others. 
This arrangement is shown in Fig. 8, where (ike ele- 
ments corresponding to those in Fig. 2 are indicated by 
like numerals. Numeral 80 is a temperature sensor dis- 
posed in the scanner head 20a The sensor 80 detects 
infrared energy radiated from the affected part to detect 



6 



11 



EP 1 057 454 A2 



12 



the temperature of the affected part Numeral 81 is a 
half mirror which reflects the major part of the laser 
beam, while transmitting an infrared light from the 
affected part 

[0058] In the above embodiments, the laser irradia- 
tion is controlled based on the temperature of the 
affected part, but it is not limited thereto. It may be 
arranged, for example, such that the laser irradiation is 
enabled when a predetermined time elapses after 
detection that the first window 42 Is in contact with the 
affected part The control in this case is explained below 
as a fourth embodiment referring to Fig. 9 showing a 
flowchart of the laser irradiation control. 
[0059] After preparation of the main unit 1 (S1 ), the 
operator holds the handpiece 20 to bring the first win- 
dow 42 into contact with the affected part The controller 
15 then determines whether the detected temperature 
by the first temp, sensor 51 (or the temp, sensor 60 or 
80) Is the threshold value or more (S2). When the 
detected temperature Is the threshold value or more, the 
controller 15 recognizes that the first window 42 is in 
contact with the affected part (S2: YES). The controller 
15 enables the laser Irradiation after a lapse of a prede- 
termined time (for example, 2 seconds in the present 
embodiment). 

[0050] This predetermined time can be determined 
in the following manner. The first window 42 is in 
advance made contact with some different positions in 
the affected part to obtain a time needed until the tem- 
perature at each position reaches a proper value. Thus 
the controller 1 5 quantitatively determines the predeter- 
mined time, ft may be arranged such that the controller 
15 simultaneously detects a temperature variation 
occurring in the affected part through the first temp, sen- 
sor 51 (or the temp, sensor 60 or 80) and, when the 
temperature reaches the predetermined value before a 
lapse of the predetermined time, the laser irradiation is 
enabled even if the predetermined time does not lapse 
yet 

[0061 ] Furthermore, in a fifth embodiment, the laser 
Irradiation may be controlled by only detection of con- 
tactmoncontact of the first window 42 with the affected 
part In this case, the controller 15 detects the contact 
state of the window 42 based on a temperature variation 
detected by the first temp, sensor 51 (or the temp, sen- 
sor 60 or 80). The laser irradiation can thus be control- 
led based on the detection result by the sensor 51. 
Alternatively, two electrodes may be provided in a face 
of the window unit 40 which makes contact with the 
affected part, allowing the controller 15 to detect varia- 
tion in current or resistance which occurs when the elec- 
trodes come into contact with the affected part Instead 
thereof, a pressure detecting element may be used to 
allow the controller 15 to determine the contact/noncon- 
tact state of the first window 42, for example, by detect- 
ing a pressure exerted on the first window 42 when 
made contact with the affected part 
[0062] In a sixth embodiment, on the other hand, 



the laser irradiation control can be executed if the hand- 
piece 20 and the patient unintentionally move even dur- 
ing the laser irradiation. This arrangement Is explained 
below with reference to Fig. 6. Fig. 6 shows the struc- 
ture of the handpiece 20 shown in Fig. 2 with a contact 
section 70 added tike elements corresponding to those 
In Rg. 2 are Indicated by like numerals. The contact sec- 
tion 70 Is provided wfth detecting members for detecting 
the contact state of the first window 42 with the affected 
part and the movement thereof in a substantially hori- 
zontal direction. 

[0063] To be more specific, at the underside of the 
contact section 70 are provided a ball 71 and a micros- 
witch 72. The ball 71 Is rotatably held In the contact sec- 
is tion 70 so as to partially protrude out of a housing of the 
contact section 70. The microswitch 72 is turned on 
when the underside of the contact section 70 comes 
Into contact with the affected part 
[0064] Rg. 7A is a schematic view of the internal 
20 structure of the contact section 70, seen from bottom. 
Rollers 73a and 73b are rotatably provided in contact 
with the ball 71 , both rollers being disposed in directions 
Intersecting at right angles. Rolling of the ban 71 causes 
the rollers 73a and 73b to rotate respectively. Numerals 
25 74a and 74b are rotating discs which are attached to 
shafts 75a and 75b of the rollers 73a and 73b, respec- 
tively. By rot ali°n of the rollers 73a and 73b, the rotating 
discs 74a and 74b are rotated in the same directions as 
those of the rollers 73a and 73b. 
30 [0065] Each of the rotating discs 74a and 74b is 
provided with a plurality of slits 77 rircumfererttially 
spaced as shown In Rg. 7B. Numerals 76a and 76b are 
photosensors, each of which is constructed of a light 
projecting element and a light receiving element The 
as photosensor 76a (76b) is disposed so that the rotating 
disc 74a (74b) is partially inserted between the fight pro- 
jecting element and the light receiving element This 
mechanism Is substantially similar to a movement 
detecting mechanism of a mouse generalry used in per- 
40 sonal computers. 

[0066] The microswitch 72 and the photosensors 
76a and 76b are connected to the controller 15 through 
the communication cable 3. 

[0067] After preparation of the main unit 1 for the 
45 laser Irradiation in a similar manner to the above 
embodiments, the operator moves the handpiece 20 by 
hand to bring the first window 42 Into contact with the 
affected part When the first window 42 is made contact 
wfth the affected part, pressing the microswitch 72, 
so thereby transmitting a relevant signal to the controller 15 
through the communication cable 3. 
[0068] If the controller 1 5 has not received the sig- 
nal from the microswitch 72, alternatively, if the temper- 
ature of the affected part has not reached the 
55 predetermined value, the controller 15 controls (inter- 
locks) the laser source 10 to preclude the irradiation of 
the laser beam even if the trigger signal of instructing 
the laser irradiation is input 
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[0069] Even though the laser irradiation is enabled 
and executed, the handpiece 20 or the patient uninten- 
tionally moves or shifts in some cases, thereby causing 
the contact section 70 to separate from the affected 
part The microswitch 72 is thus turned off. Receiving no 5 
signal from the microswitch 72, the controller 15 stops 
the laser irradiation. 

[00701 ff the contact section 70 is moved in a sub- 
stantially horizontal direction though it is maintained 
contact with the affected part, the interlock is also estab- w 
fished due to the rolling of the ball 71 of the contact sec- 
tion 70 in correspondence to the moving amount of the 
contact section 70. 

[0071J The rolling of the bail 71 causes the rollers 
73a and 73b to rotate. The rotation of the roller 73a is 
(73b) is transmrtted-to the rotating disc 74a (74b). The 
rotation of the disc 74a (74b) is detected by the photo- 
sensor 76a (76b), which transmits a detection signal to 
the controller 1 5. The controller 1 5 detects that the con- 
tact section 70 (namely, the handpiece 20) is relative 20 
moved with respect to the affected part based on the 
input detection signal in comparison with the signal from 
the photosensors 76a and 76b at the time of input of the 
trigger signal from the footswitch 9. The controller 15 
stops the laser irradiation when the moving amount of 25 
the contact section 70 exceeds a predetermined 
amount This moving amount can be obtained in the fol- 
lowing manner. By the rotation of the rotating disc 74a 
(74b), the luminous flux projected by the light projecting 
element of the photosensor 76a (76b) is pulsed and x 
received by the receiving element The moving amount 
is thus calculated based on the number of pulses 
detected by the photosensor 76a (76b). 
[0072] The above control can establish the interlock 
to stop the laser Irradiation if the patient or the hand- 35 
piece 20 unintentionally moves even during the laser 
Irradiation, enabling the prevention of the laser irradia- 
tion to any parts other than the Intended part 
[0073] As described above, in the above embodi- 
ments according to the present invention, the tempera- 40 
tures of the affected part and others are detected by the 
temp, sensors to prevent the laser irradiation to the 
affected part if it is not cooled enough for the laser Irra- 
diation, thereby reducing damage to the skin of the 
patient ^ 
[0074] Detecting the contact/noncontact of the first 2. 
window 42 with the affected part and the relative hori- 
zontal movement of the handpiece with respect to the 
affected part, the controller 15 operates to stop the laser 
irradiation when the affected part moves even during so 
the laser irradiation. This makes it possible to prevent 
damage by the laser beam to unintended parts outside 
the affected part to be irradiated. 
[0075] The present invention may be embodied in 
other specific forms without departing from the spirit or 55 
essential characteristics thereof. 

[0076] The foregoing description of the preferred 3. 
embodiment of the invention has been presented for 



purposes of illustration and description. It is not 
intended to be exhaustive or to Omft the Invention to the 
precise form disclosed, and modifications and varia- 
tions are possible In Oght of the above teachings or may 
be acquired from practice of the invention. The embodi- 
ment chosen and described in order to explain the prin- 
ciples of the invention and its practical application to 
enable one skilled in the art to utilize the Invention In 
various embodiments and with various modifications as 
are suited to the particular use contemplated. It is 
intended that the scope of the invention be defined by 
the claims appended hereto, and their equivalents. 

Claims 

1 . A laser treatment apparatus which is used to treat 
an affected part of a patient by irradiating a treat- 
ment laser beam to the affected part, the apparatus 
including: 

a laser irradiation unit (1, 20) provided with a 
laser irradiation optical system (4, 10, 21, 22, 
23, 24, 25) for delivering the laser beam to the 
affected part; 

a contact member (40; 41, 42, 43, 44, 45, 46, 
48, 50) including a contact face (42) which is 
brought into contact with at least one of the 
affected part and a periphery thereof; 
cooling means (35; 5, 7, 27, 28, 29, 30) for 
cooling at least the contact face (42) of the con- 
tact member (40); 

detection means (15, 31 , 51 , 51 \ 60, 70, 80) for 
detecting at least one of a temperature of a 
periphery of the contact face (42) made contact 
with the affected part, a temperature of the con- 
tact member (40), a temperature of the cooling 
means (35), a contact state of the contact face 
(42) with respect to the affected part, and a rel- 
ative substantially horizontal movement of the 
contact member (40) with respect to the 
affected part; and 

irradiation control means (15) for controlling 
laser irradiation based on a result of detection 
by the detection means. 

The laser treatment apparatus according to claim 1 , 
wherein the detection means includes first temper- 
ature detection means (51 , 51 ', 60, 80) for detecting 
the temperature of the periphery of the contact face 
(42) made contact with the affected part, and 
the apparatus further includes temperature control 
means (1 5) for controlling cooling operations of the 
cooling means (35) based on a result of detection 
by the first temperature detection means (51, 5V 
60, 80). 

The laser treatment apparatus according to claim 2, 
wherein the detection means further includes: 
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contact detection means (15) for detecting the 
contact state of the contact face (42) with 
respect to the affected part; and 
second temperature detection means (31) for 
detecting the temperature of the contact mem- s 
ber (40) or the cooling means (35); and 
the temperature control means (15) controls 
cooling operations of the cooling means (35) 
based on a result of detection by the second 
temperature detection means (31) when the 10 
contact detection means (15) detects that the 
contact face (42) of the contact member (40) is 
apart from both of the affected part and the 
periphery thereof. 

15 

4. The laser treatment apparatus according to claim 3. 
wherein the contact detection means (15) detects 
the contact state of the contact face (42) with 
respect to the affected part based on the result of 
detection by the first temperature detection means 20 
(51,5V, 60, 80). 

5. The laser treatment apparatus according to claim 1 , 
wherein the detection means includes contact 
detection means (15) for detecting the contact state zs 
of the contact face (42) with respect to the affected 
part, and when the contact detection means (15) 
detects that the contact face (42) is in contact with 

at least one of the affected part and the periphery 
thereof, the irradiation control means (15) enables so 
laser irradiation after a lapse of a predetermined 
time. 

6. The laser treatment apparatus according to daim 5, 
wherein the detection means further includes tern- 35 
perature detection means (51, 51', 60, 80) for 
detecting the temperature of the periphery of the 
contact face (42) made contact with the affected 
part, and 

the contact detection means (1 5) detects the con- 40 
tact state of the contact face (42) with respect to the 
affected part based on a result of detection by the 
temperature detection means (51, 51', 60, 60). 

7. The laser treatment apparatus according to claim 1 , 45 
wherein the detection means includes movement 
detection means (70; 71, 73, 74, 75, 76) for detect- 
ing a relative moving amount of the contact mem- 
ber (40) In a substantially horizontal direction with 
respect to the affected part, and so 
the Irradiation control means (15) precludes laser 
irradiation when the movement detection means 
(70) detects that the moving amount of the contact 
member (40) exceeds a predetermined reference. 

55 

8. A laser treatment apparatus which is used to treat 
an affected part of a patient by irradiating a treat- 
ment laser beam to the affected part, the apparatus 



including: 

a laser irradiation unit (1, 20) provided with a 
laser irradiation optical system (4, 10, 21, 22, 
23, 24, 25) for delivering the laser beam to the 
affected part 

a contact member (40) including a contact face 
(42) which is brought into contact with at least 
one of the affected part and a periphery 
thereof; 

cooling means (35) for cooling at least the con- 
tact face (42) of the contact member (40); 
first temperature detection means (51 , 51 \ 60, 
80) for detecting a temperature of a periphery 
of the contact face (42) made contact with the 
affected part; and 

temperature control means (15) for controlling 
cooling operations of the cooling means (35) 
based on a result of detection by the first tem- 
perature detection means (51, 5V, 60, 80). 

9. The laser treatment apparatus according to claim 8 
further including: 

contact detection means (15) for detecting the 
contact state of the contact face (42) of the 
contact member (40) with respect to the 
affected part; 

second temperature detection means (31) for 
detecting a temperature of the contact member 
(40) or the cooling means (35); and 
wherein when the contact detection means 
(15) detects that the contact face (42) is apart 
from both of the affected part and the periphery 
thereof, the temperature control means (15) 
controls cooling operations of the cooling 
means (35) based on a result of detection by 
the second temperature detection means (31). 

1 0. The laser treatment apparatus according to claim 9, 
wherein the contact detection means (15) detects 
the contact state of the contact face (42) of the con- 
tact member (40) based on the result of detection 
by the first temperature detection means (51, 51 ', 
60, 80). 

11. The laser treatment apparatus according to any 
one of claims 1 to 10 further including a support 
member (35) for supporting the laser Irradiation unit 
(20) on the affected part, the support member (35) 
including the contact member (40). 

12. The laser treatment apparatus according, to any 
one of claims 1 to 1 1 further including a laser trans- 
mission member (42, 44) made of material that is 
good in thermal conductivity and transmittable to 
the laser beam, 

wherein the contact face (42) includes at least a 
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